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(54) Title: HIGH METATHESIS ACTIVITY RUTHENIUM AND OSMIUM METAL CARBENE COMPLEXES 



L 1 



(a) 



(57) Abstract 

Ruthenium and osmium carbene compounds that are stable in the presence of a variety of functional groups can be used to catalyze 
olefin metathesis reactions on unstrained cyclic and acyclic olefins are disclosed. Also disclosed are methods of making the carbene 
compounds. The carbene compounds are of formula (a) where M is Os or Ru; R 1 is hydrogen; R is selected from the group consisting of 
hydrogen, substituted or unsubstituted alkyl, and substituted or unsubstituted aryl; X and X 1 are independently selected from any anionic 
ligand; and L and L J are independently selected from any neutral electron donor. The ruthenium and csmium carbene compounds of 
the present invention may be synthesized using diazo compounds, by neutral electron donor ligand exchange, by cross metathesis, using 
acetylene, using cumulated olefins, and in a one-pot method using diazo compounds and neutral electron donors. The ruthenium and osmium 
carbene compounds of the present invention may be used to catalyze olefin metathesis reactions including, but not limited to. ROMP, RCM, 
depolymerization of unsaturated polymers, synthesis of telechelic polymers, and olefin synthesis. 
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RuCI 2 C=CHPh) CPCy, ) 2 ( §g#a°) tJ^^U^ t <D&m * K X V) RuCI 2 (=CHPh 

J&Z^ttzm<£; ^;RuC1 2 C=CHR)CPCy 3 ) 2 [R=Me (|£#20) N R=Et (^#21) N R=n- 
Bu (§g#22) ] t-I? tiS 'J f > i:5El«i:^k? tL^o ^■ffi^m^-K 




RT 

- PhCH-CH, 




PCy, .. 



10 



R - Mb 20, Et 21 
n-Bu 22 



(30) 1 1 -5 1 0 8 0 7 

^ V ->* 'J 7" > $§^10^ £ RuC| z C=CHR) CPCy, ) 2 j£-r & 0 L ^ L & rt s <b , Ztih 

, Hot 1/7-f >*fflv»fcav>KJ6*ffjt.t*, Wu*M~i5B*HJ!ai*lfcRuCI, C=c 
H I )CPCy,) 2 («#:19) it* (^8) „ 



*8 



I 



N5 



m.u. 



1a. a 



PC* 



21 



PC* _ 



1*" 



4MB 

I 



PC* 



a-. 



(8) 



PCy, 
PCft 

n 



(31) 1 1 -5 1 0 80 7 




EJfcISm r;W^>;7*>^R"C1 2 C=CHRDCPCy J )2 (iHfc20~22) ji 

, itfil?);*- l/7^tt5>o<!) tSJEL, S;^ < *M-GM 9 i=>79 

£ <t * u 7 -f > <a p< ? -b -> 7; 

RuCI 2 C^PhXPCy, ) 2 (SS-frlO) ^10^^(7)1,3-^^ yxViilfl, 2-7»n 
/^yiV-CAkJl-r* t > ZrH^XlV-frT »J 7->RuCI 2 C=0+-CH=CH 2 ) CPCy, ) 2 
(§£#23) £ «;^RuCT 1 C=(><H 2 XPCy 3 ;) 2 (§g#:24) t&*^ "C# £ *L 

«5 



(32) 1 1 -5 1 0 8 0 7 



PC* 




10 



- PflCH-CHj 



Cl«w I -H 



10 ' 19 ^S °** I rl 

PCy, 

S4 

#B) # j: t/RuCI 2 C=C=CH-t-Bu) (PPh 3 ) !<D f-^ ^ gg^g fCi/^o RuC1 2 C=CHR) CP 
Cy 3 ) 2 [R=Me (§g#20) % Et (§§#21) „ n-Bu (§f#22) ] ^-frjfcUfrKfc 

m t itttm&jK, Kmmm ^KLTt^fj ^>ruci 2 c=ch, xpcy 3 ) 2 (^#19 

^itC^SWfSJ. L*L***&, §§# 2 3j3 J:0»24tiv,»-r*L«fe, ROMP 

iStt^itJe fltf^oJss-frtwji, ? T><v}tm#}m^SL& (pdi=2.o) 
x k «■ l t i*yfmn-?$> z> o 

-frjS_h^*im«6H*ija:v> 0 *^#t>ii> e^;PT;w^'J7*>^^C=CH-CH==CPh 
2 KPR,) 2 (R=Ph, tfzit^Y, §g#B) ^tf - -f-^H, G=CH-<DR*^ *r 

CPR,) 2 *£jj£-*-*£fc *We>^icLfco -co^-BriS6g^{i, ^l&^#^tc«tc» 

V 7x^ "7 >M#S RuC1 2 C=CH-CH=CPh 2 ) (PPh 3 ) 2 (§g#:A) K J: -tr -> 

*£fe£3>3r^o HK> h 'J n^^r->;V*^7^ >j&$&RuCI 2 C=CH-CH=CPh 2 ) 
CPCy 3 ) 2 (§f#B) |* N Zfrb<0&nKttLX*?Tfr%mi&*mT2>K-fW*\,* 0 



(33) 1 1 -5 1 0 80 7 



UT, *h£T* t: FD + ->7;K V 7*>RuC1 2 (=CHCCH, ),0H)CPCy J ) 2 (£§#27) 
(5*6) 0 . 



PCyj 
PCy, 

to 





^6 


CH,CI, 


-PhCH-CHj 


HT 



10-15 



PCy 3 

X - OAc 35. CI 2S 



<6) 




>fk^25~27(± N m&Kmmzti. 2 ntio ^-f*i<om& 



RuCl, C=CH-p-QH 4 XQCPPh 3 ) 2 ($g# 3 = 9 ) jz_X oT^^gjlfe ^ > 



(34) 1 1 -5 1 0 807 

h>) 2 (HHfcA) Hov^-C<7)l-25tit:-<-& PDI =1.04^1.10) , iffi)5£ 3 *Lfc |§ 
*&KJ£iSJKfc -St-*" *o RuCI, C=CH-^H=CPh, XPPh, ) 2 (gJMfcA) Co^tte? 

fc, $£#3-9 1*, tgLtv^TM'Jf^ ^H-lsWR; <j 17.79ppmCd 

L* 0 gHfc3~9 (RuO, C=CH-p-QH 4 X)CPPh,) 2 , [Ru]=0.022 M ) *3E.&frt't 
&f&^£CH 4>"Cy ;u^-;P^>C[^y-7-]= 0.435 M )-cig! ; aL^: o H§*& 



^III 





X 


, k, 
(x 10"Vmol • sec) 


\xio- Vmol • sec) 


k, /k P 


3 


H 


11. 5 


1. 28 


9. 0 


4 


NMej 


3. 32 


1.28 


2. 6 


5 


OMe 


3. 34 


1.28 


2.6 


6 


Me 


3, 69 


1.28 


2.9 


7 


F 


6. 19 


1.28 


4.8 


8 


CI 


1. 56 


1.28 


1.2 


9 


N0 2 


2. 91 


1. 28 


2.3 



a [Ru]=O.022M;CyjU**^^>]= 0.435m, QD s ^ % 17«C KM LT 



(35) 1 1 -5 1 080 7 

X<a*^WflMPttJfc«W/h3v>J:'d£;c& : f (X = H (§&<(* 3) ) 

©aitt***"** (x=ci (fis#s) ) (7)M^ 10 e-e^o^ iMx 
G>m?tt«MPKlW"*"* — *»4«rtI*ilM***L*^ofco ftfc&i: LTRuCI, C=CH- 
CH=CPh, XPPh, ), C«#A)*ffl^fcH««>E&*#T-CWt. flBH9 HttEft 

*^^>Sr5-3fc36^fi9»wRSeLfco -£<E>*1***J£ k i / k P = 6 xl0-»»i«#3 ~ 9 

-fi;«S*T^* £ £ Sr^Rg-T* 'bcD'^^^o ^V->*»J r'V^O^^S - 9 f4Rud 
2 C=CH-CH==CPh 2 )CPPh,) 2 (^#:A)«i: «9 <>«*LfeH66*jT** * s > ^ 9 M*s *HOk. 

RUCI 2 C=CH-p-Q H 4 X) CPCy, ) 2 C^#10~ 16)g)RQMP jgt£ 

^>i?'J 7*>RuC1 2 C=CH-p-QH,X)CPCy 3 ) 2 C§£#10~ 16)^ , ^ ft S> <£> pph » 9HK 

D7*t>^tfiii*t/v-^R0MP ii v >9 > ItiZKm^fr^S. 

%n cpdi< mttt z>*w-*i>tzh-rzk frmm zti*z 0 RuC1 2 c=ch-ch=c 

Ph 2 )CPCy 3 ) 2 C^^B)^^^LT. »#:H>~ 16fc -> $r n * ^ -f >X0 f 1.5-5' 9 n 

4 jKy-^-ji^^ffc-cji* ^Cpdi^j: ^-1.50-1.60)^ ^a^om^-(4M^t 

L-CRuCl 2 (=CH-CH=CPh 2 )CPCy J ) 2 C^#B) ( PM is «fc 2 . 50) * fflv J: «J & 

*Lfc*>EJS&fc*J*t* rm§ISRt#i:Cback-biting)j co^^f4 «fc «5 .jK*SO P 01 *5I 
^n** ^yxv^ROMPi:jtfLT l H-M«C* 18.88Ct))jc J: o T^# 10 t t & 



(36) *?St¥ 1 1 -5 1 0 80 7 

=CR-CH=CPh 2 XPCy 3 ) 2 CfSftBlK&^X&jzLtif&itW-l&nmtett* <9&^ffl 
;i/->y fr s JT*f* 9 >&&&'t2>M&ffl5k2titzf&&i§ i G-%Htl'? u*?t><D 

*$kW%b\±. \£—)\sT)\>* 'J r*>&iCl, C=CH-CB=CPh 2 XPCy, ) 2 C|g#B 

)i«*l^7r/ («li.*f 5/^-2- Kfl-L-Cpt * -I: Soffit* £3* 

>RuC1 2 C==CH-CH= i CPh 2 )CPCy,) 2 C«#B)«i^r- — ^A*;^>aft:tc«t oTSf* 

&t Lt<7)f€- ittttfcteflifc:*!"*-* ITa>W*b-C*ofe 0 R0MPUi»t4-f 
*L <b K & H«MS<&rt: O , ^>y'Jf> Ru0 2 C=CHPh) CPCy 3 ) 2 C§g#10) 

RuC1 2 C=CH-P-Q H 4 X) CPCy 3 X Cg§#10~ 16) g ^ ^ c jlJgfj&lftfffgS 

RuC1 2 C=CH-P-Q H 4 X) CPCy, ) 2 C§§ #10- 16) ^ §j§ iftK H**-*- * X com^M 

ij 7->RuCl 2 C==CHHT-Bu)CPCy J ) 2 ^^22^o^^-e5gSfi< J ^:^b* ? ^TO^^tw^ 



(37) 



11-510807 





X 


Mik&.S&&mfe&. k, C - 10"'] ( 1/nol • sec) 


10 


H 


2. 87 


ii 


WAe 2 


0. 31 


12 


OMe 


L01 


3 


Me 


2. 15 


14 


F 


1.21 


15 


CI 


1.37 


16 




1.77 



a [Ru]=0.01 MlCl-^^-fe ^]=0-32m. C^Cl,^ T=OtKj*LT 
ft&RuCI, C=CH-p-Q H 4 X) CPPh, ) 2 C$g# 3~9)^ffl^7t:y;v afOl' ^>^)'Jlf> 

SlTrm X*H) ^o^ib^iai&^HifeRtSiSJR^fiT?**. RuC1 

2 C=CHPh) CPCy, ) 2 C§£ # 10) t± > 5^ St £5 L * v» tr - V 7* > *uC! 2 (=CH-CH=CPh, ) C 

RuC1 2 C=CH-P-Q H 4 Cl)(PCy ? ) 2 Cgg#15)<7) X itREl gfgfgg 

|g#10~ 16^-fta^l"C*^ C1 a^^ yvRuCli C=CH-p-QH 4 a)CPCy 3 ) 2 co 

iil?ii:^B^Cia)-Ru-C1C2)^ (167.61° ) *>a^72EfcS^<*>H5*£-e 
iiit^S^tiofc, *;i/^>#^fiPl-Ru-P22f®^^LTfi^-ei) 
7'J - ;P@Bffi^ (i ii A,<7>*? -f tMC C11-Ru-C12^ »c W L T*l C *LT ^ 4 o Ru "C 
1 ^^SE^fi, Kit L 7^t-tH& RuC1 2 C=CH-CH=CPh 2 ) CPCy } ) 2 [d(Ru-C)=1.85lC21)] 
X Ji RuCI C=C<0Me)-CH-CPh J ) CCO) CPi-Pr, ) 2 [RuCI 2 C=CH-CH=CPh 2 ) CPCy, ) 2 F 4 ] [d-CR 



1 1 -5 1 0 8 0 7 



u-C)=1.874C3)]^-^^-*tLj: 19 &$S^C1.838C3)A) 0 



[A3 


Ru-C 1 


1.839(3) 


Ru-Cll 


2.401(1) 


RU-C12 


2. 395(1) 


Ru-P 1 


2. 397(1) 


Ru-P2 


2. 435(1) 




CU-Ru-P 1 


87. 2(1) 


P 1-Ru-C 1 


97.5(1) 


P 1-RU-C12 


91.5(1) 


Cll-Ru-P 2 


90.8(1) 


C 1-Ru-P 2 


101.2(1) 


Cll-Ru-C 1 


88. 7(1) 


Cll-Ru-C12 


167.6(1) 


C 1-Ru-C12 


103.7(1) 


P 1-Ru-P 2 


161. 1(1) 


C12-Ru-P 2 


86.5(1) 



fc. T ;W =f > fi BASF R3-llj&$& (Chemalog)^. 4 A * V * a. v - -> - ^ CM nde) 

R ^^s, y ;mQE-300 PI us (300.1MHz X H; 75.5MHz 13 C)^ JEOL GX-400(399.7MH 
z X H; 161.9MHz 31 P\ XI± Bruker ^ 500(500. 1MHz 1 H; 125.8MHz l3 C; 202. 5M 
Hz 31 P; 470.5MHz 1 » F)5S-3fcfft~ClEft L 



(39) 1 1 -5 1 0 80 7 

ioTK^tfco Ruci 2 cpph 3 ), , f>j->^nA^->jKt^7^, fr/Kvry 

T^^^^HjCN^ MeCHN 2% EtCHN 2 N PhCHN, % p-C^ H 4 NMe 2 CHN 2 % p-Q H 4 0MeCHN 2 % 
p-Cj H„ MeCHNj N p~QH 4 FCHN 2 , p-QH 4 CICHN, X.XJPP<* H, NQ, CHN, £ XU^MK L 

>T-CfiU¥Lfco ->^n*^T-> % 1,5— >^ a^-^^ ^.^1,3,5,7— >^ 

RuC1 2 C=CHMe)CPP 3 X ;%.a*RuCI 2 C=CHEt)CPPh 3 ) 2 C^>fc.i 2 )<P^fiE 
CH 2 a 2 ClQnl ) \z RuCI 2 CPPh, ) 3 C417mg, 0 . 43im»1 ) £ -j§ ^ l rt: v#*£ £ > x - r- * 
^->'TV*^^>-C1.90m1 f O.93mmol, 2.2^*)^-^^ 50^, 0.50m 

i»U 3^o^^fe^@#Rua 2 C==CHI^)CPPh 3 ) 2 ^^rB#w^ji|g^L^o JR* 
= 24&ngC78?0 o 1 H hWRCCD 2 CI 2 ) : fi 18 . 47<[tq, D p H =10. 2Hz, 1 3„ „ =5 . 1Hz Ru=CH) 

, 7.68-7. 56^. c/7. 49-7. 36CM^t p CQ H 5 ) 3 ), 2.59Cd 3 D HH =5.1Hz, CH, 

)„ 13 C WIRCCD 2 Cl 2 ) : $ 320.65Ct t J PC =9.9Hz Ru=CH), 134.76(jn PCQH 5 ) 3 <o°- 
Q, "l32.060n P(Q H, ) 3 <r> ipso-Q, 130.38Cs PCQ H, ) 3 cop-O, 128.440* PCC 
6 H s ) 3 ^,m-C) 0 31 P NV1RCCD 2 Cl 2 ): 5 29.99Cs, PPh 3 ) 0 76^^ : Q» H, 4 C1 2 P 2 Ru 
fco^TOtttMt : C, 62.99; H 4.73 ; : c , 63.12; H 4.61 G 



(40) ^-SP 1 1 -5 1 0 8 0 7 

mW<D^M^X, Rua 2 CPPh, ), C502mg r O.52nino"i;)&a* % x-f ;H:->*7V7' 
n/\->C2.5en1, 1.15rrmo"l, 2. 2£ ft L*:0.45My^7^ £ L TRuCI, C= 

CHEt)CPPh, ) 2 £• L fco H^m^^ B a B f4@#^# h Ktz 0 JKS = 311mg(8150 
„ 1 H hWRCCs D 6 ) : <5l8.21Ctt J PH =10.8, 3 3 HH =6.6Hz Ru=CH), 7. 91- 7.86$. a* 
6.97~6.80CM^Tt <>"«. PCQH,),), 3.11 (dq, 3 J HH =6.6Hz, O^CH,), 0.7 
9Ct, J J HH =6.6Hz CHjCHj^ 13 C NWRCCDjCl,):^ 320.88(t J PC =10.0Hz Ru=CH) 
. 134.360n, PCQH^^o-O, 132.27(jn P(Q H 5 \ ^ipso-C), 129.89Cs PCQH 
,),^, 128.140n PCQH,) 3< ^m-C), 53.20Cs, 29.74Cs, CH, CH, ) 

0 3l P NMRCCD 2 Cl 2 ) : <j 30.02Cs, PPh, ) 0 jt%%m \ ^ , H, B Cl 2 P 2 Ru jco^TGOft 
#M& : C, 63.42; H 4.91 ; £flMft : C, 62.85; H 4.81 Q 

Rua 2 C=CHPh)CPPh,) 2 (#g#3) gVSjc 

CH 2 a 2 C2Qn1)^RuCl 2 CPPh 3 ) J C2.37g, 2.47irmo1)^ L iFfS* . CH^zX 
(3 ml ) K 7 x i ^ y 7 ^ ? > C584ng, 4.94ntno1, 2.0^a)^-^^ 

M^#L> 3fev»-C*&3ml* T?mMLtc 0 * > * V GOnDfrjSjn-*- & £ t K X -o X 
2 a 2 C3m1)^^L. ^> * >«rfflv»TWit*S*fco £*>t*fl5*#?i£ri l «Wr*R 

o lR* = 1.67gC89%) 0 3 H NMRCQD 6 ): $ 19.56Ct D PH =10.2Hz, Ru=O0, 7.80-7 
.64&tF6.99-~6.66 flaf^fcfcm, Q H 5 RJ^PCQ H s ) 3 ) 0 13 C NMRCCD 2 C~l 2 ) : $ 

310.12Ct J PC =11.4Hz f Ru=OH), 155.36(s, Q H, ^ipso-O, 134.910n, PCQH,) 
j^Xlio-O, 133.97 (d J pc =19.6Hz PCQ H, ) 3 oipso-O, 130.44CS, PCC 
6 H S ) 3 <7)P-C) f 130.03, 128, 71$. 0*127. 09 (^s, Q H s ), 128. 37(sCbr.), PCQ 
Hj ) 3 <r)tn-C J^i^o-C) 0 31 P NWRCCDj Cl 2 ) : $ 30.63CS, PPh,) 0 TGlifrflr : c <> h b « a 
,P,Ru (co^TOW-IMt : C 65.65; H 4.61; P 7.87 ; : C, 65.83; H 

4.95; P 7.93 D 

RuC1 2 C=CH-p-QH 4 NMe 2 )CPPh,) 2 (§§#4) <D&J& 



C41) 1 1 -5 1 0 8 0 7 

CH 2 a 2 a0m1)^RuC1 2 CPPh 3 ) J C466mg, 0.49nrnol)£ t O^Cl, ( 

3 m"l) np-QH.NMe.CHN, CL60ng, 0.98mnol f 2.0 L*: - 50^0^^ 

**«U£%*HR*S*t*:o **P»*^»)*ofclk, »ift&105HB*#U *cv>-C 
»«t*«JE»*Lfco IM&OM*****© 0 ^ (3 ml) »c»»U, 

MfeLfco H2* = 317mgC78%) 0 1 H NM*CCD 2 Cl 2 ) : 5 18.30Ct J PH =6.1Hz, Ru=O0, 
7.64Cd J :i HH =8.7Hz, QH 4 MVte 2 coo-H), 7.52- 7.490n PCQ H 5 ) 3 <7>o-H), 7.42Ct 
, J D HH =7.5Hz, PCQH s ) j(?) p-H), 7.33Ct, J 3 HH =7. 5Hz, PCQ H, ), cr>m-H), 6.32C 
d 3 J HH =8.7Hz Q H 4 NMe 2 <7>m-H) t 2.96Cs, NCCH, ) 2 )„ 1 1 C IWRCCD 2 Cl 2 ): $ 309.6 
8Ct D PC =11.4Hz, Ru=CH), 152.72CS, Q H 4 NMe 2 <7>ipso-Q, 135.01Cm PCQ H, ) 3 
(D^Xito-O, 133.57CS, QH,Mte 2 oo-C 131.86Cs, PCQ^X^O 

, 130.20CS, QH 4 hWe 2 Xfim-C), 128.27(pn PCQ H, ) 3 ^m-CXfio-Q, 127 

.54CsCbr.) f QH 4 l*fe 2 <^p-0, 110.61Cd D PC =21.5Hz PCQ H 5 ) } 0) ipso-Q^ 40. 
30CS, NCCH,) 2 ) 0 3l P NVlRCCD.a,):^ 34.84CS PPh, ) e tc^^ I Q> H 41 C1 2 NP 2 
Rufco^T<75tm« : C 65.14; H 4.98; N 1.69; : C 65.28; H 4.9 

7; N 1.80 o 

RuC1 2 C=CH-p-QH 4 0Me)CPPh,) 2 5 ) <£>^jjfc 

CH 2 a 2 C12m1)i-RuCl 2 CPPh 3 ), C56Ung, 0. 59rtmo1)^ ^tf> t rt: . CH 2 C"I 2 ( 
3 m"l) (cp-QH 4 0MeCHN 2 C87mg, 0.59mno1 t 1.0ii)^^W:- 4 0COiS» , e 

**?&lt^36««»?*t?t: 0 ^33lS*?C»5*o*:», ^M5S-Hi#L, 

^-T-JV C^lOnl) -e&ifi-U ffeB*H*JE«EJ*L*:o H2« = 4OOmgC83?0 o 1 H NMR 
CQD 6 ): ^19.39Ct H PH =8.7Hz f Ru=CH) ,7.85- 7.72^, 0=7-03- 6. 80CM^" t 4> m 



(42) 1 1 -5 1 080 7 

QH.OMe^.c^PCQH, ),), 6.41Cd 3 J HH =8.7Hz, Q H 4 OMe^m-H), 3.22Cs, OCH, ) 
0 NMR(CD 2 C1 2 ): <j 309.20(t J PC =10.7Hz, Ru=CH), 147.42Cs, Q H« 0Mec7) i ps 
o-C), 135.56Qjgt PCQH^coirv-C Xli<>0, 133.98Cs, QH 4 0Me <£>o-C£}im-C 
), 131.46CS, PCQHU^P-O, 130.43CS, QH 4 0Me ^>o-C Xit^-O, 128. 40C^ 
t PCQH,) 3 <7Dm-<:x^o-0, 126.82Cs, QH 4 CMe <7>p-0, 113.95Cd J PC =21.4Hz 
, PCQH 5 ) J <7 ) ipso-0 > 55.77CS 0CH,) o J1 P NMRCCD 2 C1 2 ):^ 32.50CS, PPh, ) 0 

Ttmfrm l Q.HjsCljOP.Rut-oV^TOlt^ : C 64.71; H 4.69 ; I C, 

65.23; H 4.78 0 
RuC1 2 C=CH-p-QH 4 Me)(PPh,) 2 (fjfl; 6 ) g>frjg 

^#5<7)^tcMv^c^<?>i:^m<^^^T, RuC1 2 CPPh, ), C350ng, O.37nmo1 
) & C^P-Q K, MeCHN 2 C48mg t 0 . 37rrmol , 1. 0^ s ) frt, RuCl 2 C=CH-p-Q H 4 Me) CPPh, 
XZm^lsfto m^<DUm^^m^iJ^h^tz 0 I|2* = 258ingC87%) 0 l H KWRCQD 
e ): ,yl9.55Ct D PH =9.6Hz r Ru=CH), 7.84- 7.63&tf7.02- 6. 80CM^ t fcm p Q 
H.Me^.^PCQH,),), 6.53Cd J J HH =7.8Hz,QH 4 Me^nv-+H), 1.68Cs, CH» ) 0 " C fW 
RCCD 2 a 2 ): $ 309.17Ct D PC =10.9Hz, Ru=CH), 153.34Cs t Q H 4 Me<£> i pso-0 , 135 
.50Cs, QH 4 0Me<^o-C 134.96Cm, PCQ H, ), <^m-C XlZ°~0, 132.13Cs 

, PCQH s ) 3 op-C) > 130.39CS, QI^Meoo-C Xi*™~0, 128.340n PCQ H, \ <7>m- 
C Xlio-O, 126.76CS, QH 4 Meop-C), 115.23 (d D PC =21.4Hz, PCQ H 5 ), er>ips 
o-C) ? 40.92CS, CH,) 0 J1 P M^RCCp.a,):^ 31.29CS, PPh, ) 0 jtmfrtif I 
1 2 P 2 Ruicov>T^ft^Lfifi : C 66.00; H 4.78 ; ^MM I c , 65.90; H 4.75 0 

RuC1 2 C=Qi-p-QH 4 F)CPPh3) 2 ($g#7) <D&f£ 

^te3<D&mzm^t:i><7>tmU<7>l3&KT:. RuC! 2 CPPh, ) 3 C960mg, l.OOmno 
"DS^P-QH, FCHN, C272mg, 2.00nmo"l f 2.0^ RuC1 2 C=CH-p-Q H 4 F)CPPh 3 ) 2 

*^#^tL7t:o JRS = 716mgC89%) 0 l H MURCCD 2 Cl 2 ) : s 19.24Ct J PH =9.0Hz, Ru= 
CH), 7.65~7.62Cm QH 4 F <7>o-H), 7. 50- 7.44&u?7. 35- 7. 32CM^" t 4>m, PCC 
6 H 5 ) 3 ), 6.62(t 'J HH => J HF =8.9Hz Q H 4 F^m-H), 152.2lCs ; Q H 4 Fco i pso-C) , 
134.95(m t PCQHO.orrM: Xfio-O, 134.04 (d, D CF =19.5Hz, Q H 4 F^m-C), 13 



(43) 1 1 -5 1 0 8 0 7 

0.56CS, PCQH, ),<7)P-0, 130.08 (d D CF =8.7Hz, C,H,F^o-0, 128.470n PC 
QH,) 3 <^m-C Xit°-0, 115.67 (d 3 PC =21.8Hz PCQ H, ) 3 </)ipso-C) 0 31 PNMR 
CCD 2 a 2 ): 5 31.03CS, PPh, ) 0 1 9 F hWR(CD 2 C\ ) : S 45.63Cs, QH 4 F) 0 yc^frtif 
; Q,H, 5 C1 2 FP 2 RU&;:ov>T<5DBt#£fii : C 64-18; H, 4.38 ; I C.64.42; H 

4.42 n 

RuCI 2 C=CH-p-QH 4 CI)CPPh,) 2 (fg-ffrs) <DiS-& 

^MW2-?m^fzi><DkMM<Dj3'mzX, RuCI, CPPh, ), C35Qng, O.37nrno1)^. 
Ufp-QH 4 CICHN 2 Oiling, 0.73rrmo1 f 2.0^*) t,RuCI 2 C=CH-p^Q H4 ClXPPh, ) 2 
frS^LTto m&<7>Wm&%kmfei)mtifrtz 0 J&* = 246ngC82%) 0 l H NMRCCD 2 a 
2 ): £ 19.27Ct J PH = 9.2Hz Ru=CH), 7.51-7.44, 7.35~7.32;&^6.67~6.63C 
^tm, QH 4 CI ^PCQH,),), 6.86Cd 3 D HH =8.8Hz, QH 4 CI ^m-H) 0 13 CNMRCC 
DjCI,): ^ 307.34Ct J PC =10.6Hz, Ri*=CH) t 153.82Cs, QH 4 CI <7>ipso-0, 134.9 
Urn PCQH,) 3<7) m-C Xfi°-<>, 130.58(s, PCQ H 5 ) 3 <7>p-0, 128.87 128. 81& 
^127.85C^TS, QH 4 G), 128.48CsCbr.), PCQ H, ) 3 c7)m-C Xit°0, 115.90 ( 
d D PC =21.7Hz, PCQH s ) 3< 7)ipso-C) 0 31 P NH/RCCD, CI, ): $ 30.47 Cs, PPh, ) 0 yt 
mfrtif : C 43 H 3 ,C1 3 P 2 Ru K^^X(DtfMm : Q 62.90; H 4.30; ^iiim : C 62 
.87; H 4.40„ 

RuC1 2 C=CH-p-QH 4 N0 2 )CPPh 3 ) 2 9 ) <D&Wu 

mfc3<D&&Km^tzb<Dtm®k<Dj3mK-C. RuCl 2 CPPh, C604mg, 0.63mmo1 
) %. Zf P-Q H, N0 2 CHN, C206mg, 1.25rrmo"l, 2.0^*) £>RuCI 2 (=CH-p-Q H 4 N0 2 XP 

Phj > 2 («#9) ^lUL^c m^fe<7?^ B B B tt@^«#^tL7to JK* = 398mgC7 
®0 o 3 H WRCCD 2 CI 2 ): $ 19.47 Ct 3 pri =10.8Hz Ru=CH), 7.88-7.67 7.38-7.3 
3#o?7.02~6.71 (ttm, Q H 4 N0 2 o*PCQ H, ), ) 0 1 3 C MMRCCD 2 Cl 2 ) : $ 31 

3.43Ct J PC =11.2Hz Ru=CH) f 158.40Cs r Q H 4 N0 2 ay i pso-C) t 148.11Cs, Q H 4 NO 
2 C0P-Q, 135.49Crn PCQ H s ), <7>m-C Xito-O, 132.21Cs Q H, N0 2 <om-0, 130. 
91Cs, PCQHjDjOP-C), 130.72CS, Q H 4 N0 2 <7>o-0, 128.86cm, PCQH, )3<7)m-C 
Xl±°-0, 116.03 (d, J pc =21.6Hz PCQ H, ) 3 cr> i pso-C) 0 3 1 P NMRCCD 2 CI, ) : $ 3 
2.27Cs, PPh,),, ytm7Ym I Q,H 3j a 2 N0 2 P 2 RuKo^T<7>tm<fii : C, 62.10; H 
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4.24; N 1.68; £jUtt '. C, 62.31; H 4.66; N 1.84 0 
RuCI, (=CHPh)CPCy 3 ) 2 (g*#:10) <D&f& 

CH Cl 2 ClCttfOt- RuCI 2 C=CHPh)CPf^ ), (242mg, 0.31mnol)^y§^ L CH 
2 CI 2 ( 3 m1) k h n^4f->*** y j > C190mg, 0.68nrno1 f 2.2 ^g) £ 

LTto n^^}^m^M^T-th>xit^^y-^ (#5 mi) -effi^u. ^jess^ 

L/Co ^-feO^ B B H 'r4@#:^#^tl^o !K« = 29QngC89%) 0 l H KMRCCD Z CI, ) : £ 2 
0.02CS. Ru=CH)Cs Ru=CH) t 8.44Cd J : HH =7.6Hz f Q H, <r)0-H) r 7.56Ct s 3„„=7 
.6Hz QH^p-H), 7.33Ct J J HH =7.6Hz, Q H, <7>m-H), 2.62-2.58, 1.77-1.67 

1.46- 1.39& 0*1-25- 1.16 (^T"", PCQH^),) 0 1 3 C NURCCD, Cl 2 ) : $ 294.72 
Cs, Ru=O0, 153.17Cs, Q H s <r>ipso-C), 131.21 129.49 ^.^129. 27C^TS Q 
H,), 32.49C#t J Bpp =9.1*HZ PCQ H, x ) 3 Tpso-O, 30.04Cs, PCQ H, x ), *>m-C) 
, 28,24C#t J, pp =4.5Hz PCQ ) 3 <7>o-O f 26,96Cs, PCQ ) 3 <7>p-0 0 31 P 
KMRCCD, Cl 2 ) : $ 36. 61Cs PCy 3 ) Q yc=MfrVt l Q » » CI, P 2 Rujc o V* T WtHMt I c 
, 62.76; H 8.82 ; ^flHit : C 62.84; H 8.71 Q 

RuCI 2 C=CHPh) CPCy 3 ) 2 (jfrftlQ) oyvytfy h ^fifc 

CH 2 a 2 C4Qnl)j-RuC1 2 CPPh 3 ) 3 C4.0g, 4.17mmo1)£y£^ L ^ !X * ( 

10ml) \zy*.-)WT V* 9 >(986mg, 8.35rrrno1, 2.0 ^g) L - 50 *C 

.57g, 9.18rrmo1, 2.2 mm)**** L *s V > f-C»fll! L*r<, ^Htfe 

^k^o-fe^-ffc*^ »«*saL* -e^T3o^ W ja^t7to 

(#10n1) -cj5fe»UTatB»H«JE«:»Lfc. lE»3.40gC99%) o 
RUC1 2 C=CH-p-C 6 H 4 NMe 2 )CPCy 3 ) 2 ($*#!!) co-£-j& 

RuCl 2 C=CH-p-Q H 4 NMe 2 ) CPPh 3 ) 2 (316mg, 0. 38mmol)^ if y \) =, s? n ^ *c ~y )V * 
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X^^>C235mg, 0.84rrmo1, 2.0 tf> £ L T\ €5i*l&t&tiLT-2><r>te.m 

v> tz t mwio^m ^xm^^^mm^t l tRuci 2 c=ch- p -c 6 h. NMe 2 ) cpcy 3 

) 2 fcftfco JK*284mg(86%) 0 l H NW(CD 2 CI 2 ): 5 18.77 Cs Ru=CH), 8.25-8.14( 
sCvbr.), QH.rWe.^o-H), 6.55Cd J J HH =7.2Hz, Q H 4 Mte 2 <7>m-H), 2.97Cs, NCC 
H>) 2 ), 2.63-2.61, 1.80-1.67 1. 43-1. 4l£ 0*1. 21-1. 17 (^tm, PCQH^) 
3 ) 0 1J C |VftRCCD 2 Cl 2 ):^ 286.13CsCbr.), Ru=£H), 151.28Cs, Q H 4 M\te 2 <7>i pso-C 
), 144.80, 134.85 ^ 110. SOC^rTS, QH 4 NVIe 2 ), 40.30Cs, NCOH,) 2 ), 32.54 

(jfct, J, pp =8.2Hz, PCQ,H 11 ) 3< 7)ipso-0, 30.10(s, PCQ Hi! ) 3 ^m-C), 28.36Cm 
, PCQH^X^o-O, 27.07(s PCQH ll ) 3< 7)p-C) 0 J1 P M^CCD.Cl,):,? 34.94CS, 
PCy s ) 0 7G§t5M*f : QsH r7 a 2 NP 2 Runo^TOlt#fit : C, 62. 41; H, 8.96; N 1 
.62 ; $?mm. : C, 62.87; H 9.04; N 1.50 o 
RuC1 2 C=CH-p-QH 4 0Me)CPCy 3 ) 2 ($g#12) <7>^ 

RuC1 2 C=CH-p-Q H 4 OMe) CPPhj ) 2 C17lJng, 0. 21mno1)^ ^h'J^^nA^-^^T; 
7 ^>C130mg, 0.46mmo1, 2.2 ^f,^LT, ^^lO^-^^i"^ <^(Cffl 

^4 ) OtMm^^^TBf^'fe<7)^M B B B 'teS#i: LTRuC 2 C=CH-P-C 6 H 4 OMe) CPCy 
,) 2 £#;to IK.* 152mgC85%) 0 1 H IWRCCD 2 Cl 2 ): $ 19.48 Cs, Ru=CH), 8.43 (sCbr. 
), QI^OMe^o-H), 6.82Cd, J D HH =8.6Hz Q H. OMe^m-H), 3.82Cs, 0CH 3 ), 2.64 
-2.59 1.78-1.68, 1.46-1.39^.^1.26-1.15 p CQ ^ x ) 3 ) Q 13 CN 

MRCCD 2 a 2 ):<y 290.90CsCbr.), Ru=<H), 148.34CS, Q H 4 OMeco i pso-0 , 134.91 
132. 30& ^128.83 (^ts, Q H 4 OMe), 55.81Cs, 0CH 3 ), 32.51 (f|t, J. PP =9.1H 
2, PCQH^^ipso-Q, 30.06(s, PCQH^^m-C), 28.28C^t, J app =5.2Hz, 
PCQH^^o-C), 27.00CS, P(QH ll ) 3C 0P-<:) o 31 P NMRCCD 2 C1 2 ): 3 35.83CS, PC 
V3) 0 TtmfrVt : C 4 H r4 a i 0P 1 RuMov>T<7)tfiMt : C 61.96; H 8.74; ^ffiij^ 
• C 62.36; H 8.71 

RuC1 2 C=CH-p-C 6 H 4 Me)CPCy 3 ) 2 (fg#13) cp^fifc 

RuCl 2 C=CH-p-C B H 4 Me) CPPh 3 ) 2 C416mg, 0 . 52rmiol )£ <^ j. i; -> ^ n ^ 3f */ ;W * J* 
7 ^^C323jng, 1.14mnol, 2.2 ^fi.) *^tbl&LT, ig#10^^-TS 
fc^Ot«iRO^teKTW*feO«faBS14H#i: LTRuCI 2 C=CH-p-Q H 4 Me)CPCy 3 
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JifcWfco JK*385mgC88%) 0 l H NWCCD 2 CI 2 ): S 19.80CS, Ru=CH), d 3 D HH =7.6H 
z Q H, Me <7}0-H), 7.13Cd J 3 WH =7.6Hz Q H 4 Me (^m-H), 2.08Cs, CH 3 ), 2.62 
-2.58 1.77-1.67 1.43- 1.40^^1.22-1. 17 (^-cm, PCQH^),) 0 1 3 C m 
R(CD 2 a 2 D: s 293.86Ct J PC =8.3Hz Ru=CH) r 141.48Cs, QH 4 Me<7)ipso-C;) F 131. 
56 XOfl29.85Cp|^fc *>s, Q H 4 Me), 32.52 (jftt, D app =9.2Hz, PCQ H, 3 ) 3 <7>ips 
o-C), 30.07Cs f PCQH^^rrMZ), 28.26C«t J, pp =4.UHz PCQ ) 3 ^o-O. 
27.00CS, PCQH^^cop-C), 22.39CS, CH 3 ) 0 3i P NMRCCD 2 Cl 2 ) : s 36.09(s, PCy 

3 ) 0 75*5Wrf : c 44 H 74 a 2 p 2 Ru^ov^T<7)ft^ : c 63.14; h 8.91 ; mwm 

• C 63.29; H 8.99 Q 
RuCl 2 C=CH-p-QH 4 F)CPCy 3 ) 2 (^#14) cT^fig 

RuCI 2 C=CH-p-Q H 4 F) CPPh, ) 2 C672mg, 0. 84nmo1 )^f'J->^nA + i/M^7 
^>C515mg, 1.84JIT101, 2.2 ^ (? tB^I LT> ^#10^^-f^ <7> fcffl ^ tz 

*><Dt MU <D K X ^-fe <D®k1& @"f* t Lt RuC"U C=CH-p-Q H 4 F) CPCy 3 ) 2 £ 
#7t 0 J|ia583mgC83%) 0 X H MVIRCCDja,): <j 19.86Cs t Ru=CH) t 8.52~8.50CsCbr 
QH 4 F<oo-H) t 7.00 (dd 3 J,,,,^ J HF =8.8Hz, Q H 4 Fe^m-H), 2.63-2.59,1-77 
-1.68 1. 47- 1.40& jfl. 26- 1.17 (^tm, PCQH^),) 0 1 3 C NMRCCD 2 Cl 2 ) : $ 
291.52(t J pc =8.6Hz f Ru=CH), 162.10 (d J CF =254.3Hz QI^F^p-C), 150.57 
Cs, QH 4 F ^ipso-C), 134.10Cd, J CF =8.9Hz Q H 4 F<^ o-C) , 116.00 (d, J CF =2 
1.3Hz, QH 4 F<7)m-C), 32.49C||t J app =9.3Hz, PCQ H, , ) 3 <7)ipso-0, 30.05Cs 
, PCQH^X^m-O, 28.22CMt J. PP =5.2HZ PCQ H x x ) 3 oo-O, 26.94Cs, PCQ 
Hxx^^p-C),, 31 P MURCCD, Cl 2 ) : <y 36.60Cs, PCy, ) Q 1 9 F NVIRCCD 2 Cl 2 ) : S 45.47Cs 
, QH 4 F) C 7C^^*f I Q J H 7i a 2 FP 2 Ru l co\,^T<^fmfit I C 61.41; H 8.51; 
»Kit : C 61.32; H 8.59 0 

RuC1 2 C=CH-p-Q H 4 CI ) CPCy 3 ) 2 (fH$15) cp 

RuCI 2 C=CH-p-Q H 4 CI ) CPPh, ) 2 C543mg > 0 . 66rrmol )^t) f f' , J-/^nA^->jV*^ 
7 ^yC408mg, 1.45mmo1 t 2.2 j£5) frh&&LX, mfc* 0 * OKffl V> 

7t co t gi^co #8= ■CSS-fewlSUS JM4S# £ L TRuC1 2 C=CH-p-Q H 4 CI ) CPCy 3 ) 2 
£#fco ]KS493mgC87%) 0 1 H NMRCCD 2 Cl 2 ) : j 19.98 Cs, Ru=CH) f 8.43Cd 3 J HH = 
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8.7Hz, C 4 H 4 C~I<7)0-H), 7.29Cd, i J HH =S.7Hz f QH,C1 ^m-H), 2.63-2.58 1.76 
-1.68 1.46- 1.41XO»l. 25- 1.17 (^tm, P(QH 11 ) 3 ) 0 1 3 C NMR<CD 2 Cl 2 ) : s 
291.52(t J PC =8.0Hz, Ru=QD, 151.81 (s, QH 4 G coipso-Q, 134.64(s, Q H, 
C <7>p-Q, 132.56^.yfl29.51CM^"i: ^s, QH 4 CI <7)°-C ^^m-C), 32.51C#t 
, J. PP =8.9HZ, PCQH^X^ipso-O, 30.06CS PCQ H, , ) 3 <7>m-C), 28.22C#|t D 
ipp =5.2HZ, PCQH^XcrjO-C), 26.96CS, P(QH 11 X <£>p-C) 0 1 1 P NMRCCD, Cl 2 ) : £ 
36.81CS, PCy,) 0 yc^frtif : C^a^RuKo^TOftgEfla : C, 60.24; H 8 
•35 ; ^fflljflt : C 60.22; H 8.45 c 
RuC1 2 C=CH-p-QH 4 N0 2 )(PCy 3 ) 2 (fgflclfi) <Q-£]& 

RuCl 2 C=CH-p-Q H 4 N0 2 ) CPPh, ) 2 C609mg, 0. 73mmo1)^ & t y \) = y ? u * =/ ;V * 7, 
7 ^^C452mg t l.GUimol, 2.2 £*) ^^tH%LT, mMfflU-K&lf 2> z£m tM 
&<Z>¥MK.Xmm'&<D i &&3,&m4*k LTRuCI 2 C=CH-p-(;H 4 N0 2 )CPCy 3 ) 2 fc^fc 
o JlZ*527mgC83%) 0 1 H NMRCQD 2 Cl 2 ) : $ 20.71Cs, Ru=CH), 8.64 (d, 3 3 HH =8.4Hz 

Q^NOjCoo-H), 8.13Cd, 3 J HH =8.4Hz, Q H 4 N0 2 <£>m-H), 2.63— 2. 58, 1.73-1. 
68, 1.47- 1.40$. 26- 1.17 (ftm, PCQ H 11 \) 0 13 C NMRCCD 2 Cl 2 ) : $ 289. 
07 Ct D PC =7.6Hz, Ru=O0, 155.93Cs, Q H 4 N0 2 <7) ipso-C), 145.34Cs, Q^NOjCO 
p-C), 131. 22^.^125. 06CM^ t fcs, Q H 4 N0 2 <7) o-C & o^m-O , 32.57C$gt, J app 
=9.2Hz PCQH^^ipso-O, 30.05Cs, PCQ H 11 ), ^m-O, 28.16C|£t J, pp =4. 
1Hz, PCQH.^^o-C),, 31 P NMRCCD 2 a 2 ) :< y 38.11CS, PCy 3 ) 0 TC^^rQ,^, 
a 2 N0 2 P 2 RuKO^T<7>ft#ffi : C, 59.50; H, 8.25;N 1.61 ; ^fflHift : C 59.18 
; H 8.25; N 1.49 Q 

RuC1 2 C=CHPh) CPCP3 ) 2 (§g#:17) ^ y > »° y h -g-fifc 

^#17{i N RuC1 2 CPPh,), C4.00g, 4.17rrmo1) % 7x-;Vv7 9 > C986mg, 8 
.35mno"l, 2.0 ^M^Z/ ^ «; "7 -f > C2.19g, 9.18mmol, 2.2 

^#17(7)fgtL^v§^t4<7)7tJ6^, * J - )V<D&tfm^t> *l&o JK* 2 - 

83gC92%) 0 1 H NMRCCD 2 a 2 ) : $ 20.20 Cs, Ru=CH), 8.47Cd, 3 D HH =7.5Hz, QH, 

OQ-H),7.63Ct 3 J HH =7.5Hz, QH^p-H), 7.36(t 3 J HH =7.5Hz, QH s( ^m-H), 2 
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.68-2.62, 1.81-1.77 1.62- 1.52& 0*1.49— 1.44C^f">, p CQ H, ) 3 ) c "CMH 
R(CD 2 CI 2 ): s 300.52(t 3 PC =7.6Hz, Ru=CH), 153.38Cs, Q H s ^ipso-Q, 130.99 
, 129.80& o«129.53C^:TS, QH S ), 35.54C^t J a p p =11.2Hz, PCQ H, ) 3 ^ i pso- 
O, 29.99^.o?26.39CM^i: fcs, PCQ H,), ) c 31 P NMRCCD, Cl 2 ): <y 29.96Cs, PCp, 
\ Ttmfrtit : QrHeoCI.P.Ru fco V>T Off-JMt : Q 60.15; H 8.19 ; ^fflljfjt 
• C 60.39; H 8.21 
RuC1 2 C=CHPh) CPi Pry ) 2 (jg#18) p y > g y h ^jg; 

^#18{i, RuC1 2 CPPh,), C4.00g, 4.17nmo1X 7 A -ji/y'j^ * > C986mg, 8 
.35IHT101, 2.0 ^i)^o?> i; ^ v/n t: jujJ^^ "7 4 > (1-791111, 9.18mmol, 2.2 

j|3rffc2.26g<93%) 0 1 H. NMRCCD 2 Cl 2 ) : $20.10Cs, Ru=CH), 8.52Cd, 3 J HH =7.6Hz, C 
9 H,coo-H), 7.36Ct 3 J HH =7.6Hz, QH,<7>p-H), 7.17Ct, 3 J HH =7.6Hz, Q H, cr>m-H 
), 2.88~2.85Cm, PCHCH 3 ), 1.19Cdvt, N=13.6Hz, PCH CH 3 )„ 1 3 C MWRCCD, Cl 2 ): 
$ 296.84CsCbr.), Ru=CH), 152.81Cs, Q H, oipso-C), 131.37 129.54 ^^129 
.20C^TS, QH,), 22.99Cvt, J p c + 4 J pc =18.9Hz, PC HCH, ), 19.71Cs, PCHCH 
3 ) c 31 P MV!RCCD 2 a 2 ):^45.63Cs, PiPr 3 ) 0 jtmfrtir I Q , H t ,G 2 P 2 Ru&- c>^T<7> 
tmm : C 51.54; H 8.31 ; ^ ffl flfiS I Q 51.69; H 8.19 0 
RuC1 2 C=CH)CPCy 3 ) 2 (gflcl3) 

CH 2 C 2 (15ml ) RuCI 2 C=CHPh) CPCy 3 ) 2 C821ing, l.OOmnol) £ -fefr |_ tiz £ J. 

-fc h >XI±^*> (5 tftiLtt^MiOTL^o Bf&feomi JIrt£ 
mfcibmtbtltZo J|Z*745mg (5£Sfi<j) 0 * H WRCCD 2 CI 2 ): <j 18.94Cs, Ru=CH 2 ) 
,2.50- 2.44, 1.81-1.70, 1. 49-1. 43;£. 0*1.25-1. 23C-£-Cn>, PCQH^),),, 13 
C NMRCCD 2 Cl 2 ) : § 294. 71 (t J r c =7. 6Hz, J c „ =164.0HzCy- f -f j] y 'J > ^ Cga 
ted decoupled)), Ru=CH), 31.05Cg|t 3 ipp =9.6Hz, PCQ \\ x ) 3 (7) ipso-O, 29.5 
8Cs, PCQH^^m-C), 28.20C«t, J ipp =5.3Hz, PCQ H ll ) 3 <^o-C), 26.94Cs, P 
CQ K 3 ) 3 O P-C) Q 3 1 P NMRCCD, C1 2 ) : $ 43. 74Cs, PCy 3 ) c TC^^tf I Q r H, „ Cl 2 P 2 R 
U Ho^TOlttf : C 59.50; H, 9.18 ; : Q 59.42; H 9.2 
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% 

RuC\ C=Q*te)(PCy 3 ) 2 (fgfl:20) <p^jfi 

m^^^izm^ti^mtmu<D^mizx. m&tost l-cRuci 2 c=cHPhXP 

Cy 3 ) 2 C763mg, 0.93ntnol)^^7*n tf V > (Xf±2-^x>) £fflv>-C> RuCI, C=OW 
e)CPCy,) I Sr**-feo«je*'ttH'»:fc Lt#fc, ^691^098%),, 1 H NMRCCD 2 C1 2 
): ,yl9.26Cq, , D„ H =5-lMz Ru=CH), 2.57(d 3 J HH =5.1Hz CH, ), 2.59 -2.53 

1.87-1.79, 1.57- 1. 50^, 1.28- 1.23 (^x™, PCQH^),) 0 13 CMrfRCCD 2 C 
316.32Ct J PC =7.6Hz Ru=O0, 49.14Cs, CH 3 ), 32. 37 CM* 3 Ipp ^9.4Hz 
, PCQH^X^ipso-C), 29.87CS, PCQH lx ) J <7>m-0, 28.22C|£t J, PP =5.0HZ P 
CQ H, » ) 3 (D o-C), 26.94CS, PCQ H, 3 ) 3 <7>P-0 0 J 1 P NMRCCD 2 Cl 2 ) : <j 35 . 54Cs, PCy 
3 )o 5c^^C J8 H 70 a 2 P 2 Ru Co^tcOltf 1 : C 59.58; H 9.27 ; ^ffllHfc I 
C 59.91; H 9.33 Q 

RuC1 2 C=CHEtXPCy 3 ) 2 (§»fl;21) cp^rfc 

^fr&W&fcKm^tz^mtMM^Mizx^ iU&VBMk L-cRua 2 C=OTOCP 

tv.Uo'ioeaiioi-T*? > a»i->^-3^*>fe>) £fflv>-c\ ruci 2 c=cHEt) 

CPQ^D^^^^jeattHfrt LTHfc, lRS616mgC97%) 0 l H NMRCCDj Cl 2 ) : 
<5l9.12Ct 3 J HH =5.0Hz, Ru=CH), 2.79Cdq, 3 3 HH =5.0Hz 3 D H „ , =7 . 1Hz, CH 2 CH, 
) t 2.55- 2.49 1.84-1.81 1.54-1.47^^1.26-1.23 (^tm, PCQ ) 3 ) t 
1.35(t 3 J HH .=7.1>te CH 2 CH,) 0 1 3 C WR(CD 2 Cl 2 ) : £ 322 . 59 (t 3 PC =9.3Hz R 
U=CH), 53.48(s, CHj CH, ) t 32.20CMt J ipp =8.9Hz PCQ H, x ) 3 <7) ipso-Q, 29.8 
5Cs, PCQH 11 ) } com-C), 29.57Cs t CHCH,), 28.22C«t, J app =4.6Hz PCQH,,), 
<7)0-O f 26.88CS, PCQH^^p-Q,, ,l P NMRCCD 2 a 2 ): 5 36.39CS, PCy, ) 0 ^% 

frm : c J9 H 72 a 2 p 2 Ru jco^r<^ffffFffi : c eo.45; h 9.37 ; ^mm : c, 60.5 

6; H 9.30 o 

RuC1 2 C=CH-n-BuXPCy 3 ) 2 (jgft: 22 ) cgjj-jg, 

^i9^^^ffl^^#Mt^m<7)¥M^r. mi&^Jlt L-cRua 2 c-cuphxp 

Cy 3 ) 2 C354mg, 0.43irino1)5. £>*1-^ * -fc > C538^ 1, 4.30mnol, 10 £ffl^T 
, Rua 2 C=^H-n-Bu)CPCy 3 ) 2 ^^fe<^^±S^a#t LT#/;, j&S:328mgC95?0 - 
0 1 H mRCCD, C1 2 ) : <jl9.24Ct 3 3 H =5.1Hz, Ru=CH), 2.74Cdt 3 D HH =5.1, 
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3 D HH .=5.2Hz CHCH. ) 2.56-2.47 1.82-1.78 1.70-1.68 1.54—1.43 1.2 
6- 1. 22j^ zfO. 95- 0 . 86G£r tm, CH, CH 2 CH 3 # tfPCQ H x 3 ) 3 ) 0 1 3 C NMR(CD 2 Cl 2 ) : § 
321.13Ct J PC =7.6Hz, Ru=CH) r 58.85Cs, CHCH,), 32.25Cjgt, J ipp =9.4Hz, PCC 
«H ll ),oipso-C) F 29.90CS, PCQ H, x ) 3 ^nMZ), 28.23C$£t 3 app =5.3Hz PCQ H, 
i\<7>o-O r 26.91CS, PCQH^^p-C), 30.53, 22.94&o f 14.06C-£ r TS, CH 2 CH, 
CH, ) 0 3 1 P hWRCCD 2 Cl 2 ) : S 36.05Cs, PCy 3 ) Q ycUkfrm I Q i 6 Cl 2 P 2 Ru K o ^ X 
OIUMI : C, 61.32; H, 9.54 ; : C 61.51; H 9.71 0 

RuC1 2 C=CHCH=CH)CPCy i ) 2 (#g#23) 

l,3-r^yx>$, CH 2 Cl 2 C15m1)^^#10C703mg, 0 . 85nmol )^-^LfcSt 
H-20t:tCT20|3?M^o < »} fcyt^ij £o -^TSt* 10^1*1 -C^St-CS* 

**)fiL7-b h >Xt*^>?> (5 ml) -C^felf-bT^^MMEE^^L^o 
^ B ^ttH#/6 s #^^^o iK*627mgC95%) 0 ^H NMRCCD 2 Q 2 ): 5 19.06 Cd 3 3 HH = 

10.5Hz, Ru=CH), S.llCddd, 3 J HH =10.5, J J HH ->^=9.3, ' J HH j. 9 >^=16.8Hz, 

CH=<H), 6.25Cd, 3 J HH ->;*^9.3, CH=CH ^H* " ), 6.01Cd, 5 3„ „ h 9 > *=9. 3 

CH=CH 2<3 r ) H tran * ), 2.59—2.53, 1.83-1.78, 1. 52— 1.47& 25— 1. 21 (^tm 

PCQHn),,, 1J C hWRCCD 2 C1 2 ) : <j 296.00Ct D PC =7.6Hz, Ru=CH), 153.61Cs, CH 
=0^), 115.93CS, CH=CH 2 ), 32.32CMt J, pp =8.9Hz, PCQ ^ x ) 3 <7>ipso-Q, 29. 
82Cs, PCQH 11 ) jC r ) m-0, 28.15CMt 3, pp =5.UHz, PCQ H, 1 ) 3 <r>o-O r 26.91CS, 
PCC 6 H 11 ) 3< 75P-C) 0 31 P NMRCCD 2 CI 2 ):<y 36.17 Cs, PCy 3 ) 0 jtlgfrffi I ^» "to C1 2 P 2 
Ru KO^TOfMHfc I C, 60.61; H, 9.13 ; ^flijfifc ; C, 60.79; H 9.30 o 

RuC1 2 C=C=CH 2 )CPCy 3 ) 2 (§g#24) g^jfc 

^#230^ izm^fz^mtmu^m^x, as^st u-c^^ioc4i3m g , 

0.50iti7o1) s^l,2-^nAy'x> Srfflv^T, RuCI 2 (=C=CH XPCy 3 ) 2 «-»-fe<*>|fc*£ 
flB-Htti: LTSfc, JKS373mgC9890 o 1 H IWRCCD, Cl 2 ) : * 3.63Cs, Ru=C=CH 2 ) 
2.71-2.64, 2.05-2.01, 1.81-1.53^.^1.32-1.23 (ttm, PCQH^),) 0 
1J C MWRCCD 2 C1 2 ): 5 327.41Ct, J PC =17.2Hz, Ru=C=CH 2 ), 99.34Cs, Ru=G=CH 2 ), 3 
3.30CMt 3 Bpp =8.9Hz, PCQH^^ipso-C), 30.41Cs, PCQ H, , ) 3 ^nMl), 28. 
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32Cg|t J app =5.0Hz, PCQH 11 ) 3 (7)0-C) > 27.02CS, PCQ Hn~)i <T>p-Q 0 3 1 P NMRCC 
D, CI 2 ) : 5- 35. 36Cs PCy 3 ) c ycmfrtit ! Q . H 6S Cl 2 P 2 Ru v> X<Dt\niU I C , 60 
.14; H 9.03 ; : C 60.29; H 8.91 Q 

RuCl 2 C=CHCH 2 OAC) CPCy 3 ) 2 (gg#25) <r>^fc 

CH 2 a 2 ClC»n1)^it#10C423mg f O.Slmnol)^^^ L ?t ft*T'J ^C555 
^1, S.lOmnol, 10 ^a)-e-20<ctcT^31L^o v§^'Sr 10 ^I*Ilcmiai-ezS. 

<0«^ B B a tt@#RuCL C^CH 2 0AcXPCy 3 ) 2 ^£*L*: o IE* 342mgC83%) <) *H MWRC 
CD 2 CI 2 ): <yl8.90Ct 3 3 MH =4.2Hz, Ru=CH), 4.77Cd J J HH =3.6Hz CH 2 0Ac), 2.0 
9CS, CCO^CHj), 2.53-2.47 1.81-1.70, 1.59- 1. 533^1. 26- 1.22 (^X™ 
PCQ H,. i ) 3 ) 0 1 1 C hWRCCD 2 Cl 2 ) : <y 305 . 76Ct, 3„ e =7 . 6Hz, Ru=Q , 170 . 4lCs, CCO 
XH), 83.19(5, CHOAc), 32.59Qfct, J ipp =8.6Hz, PCQ H, x ) 3 ipso-C), 29.9 
4Cs, PCQH 11 ) J< 7)m-0, 28.23Cm, PCQ K x ) 3 <7>o-0, 26.91Cs, PCQ K 2 ) 3 <7> p-O 
, 20.91CS, CC0)CH,) 0 J1 P NMRCCD 2 a 2 ) :< y 36.66CS, PCy 3 ) 0 7C^^*f:Q,H, 2 
a 2 0 2 P 2 Ru KOV»T©tf»« : c , 58 -05; H , 8.99; Hpjfit : C 58.13; H 9.07 

RuC1 2 C=CHCH 2 C1)CPCy 3 ) 2 (£§{£26) pg-^jg 

^#25<7)^tcffl^>^#JIIgt^0^flS^T. m&mmt LTi£-(fclOC583mg, 
0.71nrno"l) J&Zfj&1kT V ;VC577^ "I, 7.08011X51, 10^ » ) £ ffl RuC1 2 C=CHCH 

a)CPCy 3 ) 2 ^^fe<T)^ B s H t4@^i: LT#t, j|3Jg:552mgC80%) o l H NMRCCD, Cl 2 ) 
: (Sl8.74Ct »D HH =4.5Hz, Ru=CH), 4.43Cd, J D„„ =4. 8Hz, CH 2 CI), 2.55-2.5 
0, 1.81-1.70, 1.59— 1-52^ 0*1.27— 1.23 (^t™, PCQH^;),) 0 1 1 C WIRCCD, 
a 2 ): $ 303.00Ct 3 PC =7.8Hz, Ru=C), 63.23Cs, OH 2 CO, 32.05CH£t ^pp =8-8 
Hz, PCQH 11 ) 360 ipso-O, 29.50CS, PCQ H, t ) 3 <7>m-C), 27.81Qftt. 3, PP =5.2Hz 
, PCQH 11 ) 3< 7)0-0, 26.56CS, PCQ Hi x ) 3 (7) p-C)„ 3 1 P NMRCCD 2 Cl 2 ) : <y 37 . 36Cs, 
PCy 3 )o TCmfrVr : QtHitCT.PjRuno^TflDfWtf : C 57.39; H, 8.74 ; £«| 
fl[ I C 57.55; H, 8.81 o 
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RuCI, C^CCH, ), OHXPCy, ) ? ($*#27) <n^Wu 

§$fc25<Di!rJ&izm\,*?z^mtmUV>^mK-C, m&Vont LTftft:10C617mg t 
0.82rrmo1) tf4-^ > y-l-* - ;P 0823^ "I, 8.2mmo"l t lO^s) ^ffl^T, 
l 2 C=CHCCH 2 )3 0H)CPCy i ) 2 ^^ < 75^ H ^@^:fc \^XUtz Q K2*45angC76%) 0 l H 
NMRCCD 2 Cl 2 ) : <? 19.20(t, 3 J HH =4.6Hz Ru=CH) f 5.46CsCbr.), OH), 2.82-2.7 
8 2. 06-2. 01& z/1. 62-1.58 (±x™, <H CH, O^OH), 2.55 -2.51.1-84-1. 
81 1.55-1.52^.^1-26-1.23 (^t™, PCQH^),) 0 1 J C NMRCCD 2 CI, ) : $ 305. 
66C5, J PC =7.3Hz Ru=Q, 62.66CS, CH 2 OH), 33.01 5.^30.08^^5"^ s , CH,C 
H,), 32.32(fct, J app =8.5Hz PCQ H, x ) 3 </> ipso-Q, 29.94Cs, PCQ H, , ) 3 ^m-O 
, 28.28CMt 3, pp =5.3Hz f PCQ ) 3 <^o-C) f 26.91Cs, PCQ H,, ) 3 <oP-C) 0 J1 P 
MWRCCA Cl 2 ) : $ 37.06CS PCy 3 ) 0 7u3§5>#f : Q o H7 * C"l 2 P 2 ORinco v> TOtmfS : 
C 59.69; H 9.27 ; ^ilflfit : C 59.51; H 9.09 o 

y ^C59mg t 0.63nmol)^CH 2 Cl 2 C0.7ml)^ l> ^zS.^TCH 2 Cl 2 CO. 

3ml) KmfeZ - 9 C6.25^mo1)£y§^t7^^^ML*:o K^iS^{i3~5 

L> -e^^ « L T©:S CO 2 , 6-->*-tert-y'^- ;p-4-y f^7x7-^ V s -X. 
^•;i/e^.;uj--7"^*-^^r-r^CH 2 Cl 2 (2 ml) -eMlt, H^ttfejjtfe^^Tffi 

tt*tt«># 'J 01*95-99%, 33 Jr-e90%^ h ^ M „=31.5-42 

.3kg/mo"l, PDI (f*;w,x.>-) 1.04— 1.10 o 

^#3 - 9 *±&frt + ZM1& 1 - 25 x 10 ~' m n £ NMR 1*1 fcflF^flfc'K 

^v-lf >-d.C0.3mlD^v§»L^o *<Z"& C2°// Dt:i^L^7xn-t>^ 
I?K*^$i:LT^llOLt, l*Lf)^»*, C250 ^Di:;;!/ 

*-;i^>C23.5mg, O.25mno1 t 20 ^s) £ t fcv§?£-e#kS L 1 H WR;u- 
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^.hWR^- ^--rff-e^ i&lfcy ^l^-^ C0.5m1)n^^lOC5.0mg, 6.1 ^mol)^ 

?*L*^ofc<7>»c«-bT, **fe*>tiafe'^wiiffjii«j* (5^1*1) GKDmtit 

8.96 (d , 3 HH =7.5Hz, Ru=CHiPr) , 2.27Cm t CHCH, ^tfl.OlCd, 3 3„„=7.2Hz 
CHCH 3 ) { - & »t & li C=CH-i-Pr) (PCy 3 ) 2 </> £ j£ fljUH fj^^ilf 4 

Jtjg-j- « £q&4<«# £ & o • 

ROMP 

^^10-^6.0^ moD^^tL-etLCHjClj C0.5ml)jc^^t> n 
*^^>XJil.5— >^ n^-^^->'jr.>C3.C»imo1 f 500 St )t^S!:tjl!!iILt 

y^y -;PS.a f J.^-;we^;ujc-r-^^^-r^ c ^ 2 c| 2 (5 ml) -ejnyaufco 20 

a*JESy*Lfco 9 T-*-?- (cycloocteneamer) (£<fe<E>Jtt3*1£<*> 

!f?ij7-) : I&5£95-100%, Mr.=Hl~211kg/mo\ PDI (h^xv) : 1.51-1. 
63; ^^->'-X-> : (&^<n^)U-m^ } ) ~*-) : UX§£96~ 99%, 56-68% a* 

M„57.9-63.2kg/mo\ PDI : 1.56-1.67 0 
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>-d 2 C550 ^ 1)iCv#^L/c 0 0 < CtCTl-^^-b>C22.7 ^ 1, 0.18mmo"l, 30^ 
i)t»U> l HrWR;w-^> (o*C) £g§«iU 40^^60;*^ Mu£J& 

0 ^CO^^^^IV (_h fe ) J-^-r o 
RuC1 2 C=CH-p-QH 4 a)CPCy i ) 2 (#g>ftl5) <?) Xij&lelffffff gS 

> 1/ > CO . 5ml ) k §t #15 £ v§ rt- L ft I? y&?& ^ * > * 24fl# M Jt^JL ft K 
*9>o < *9 tttS:?-t-6itt:J:ot^#:15(7)vn^7' , J Cmaroon prism)£^ 
*; 0 0.2irni x 0.3nmx 0.5rm<oiz § £ 0*£Jb ^rM^ L . #9 *#i$|icD Jt K.* W 
-e@^L. 3fcALT-lftia->^-rA*fllx.fcSl€mens P4@*fW-jc»Lfco 9*^0- 

fe.t^i^'ir-JWliv^:, I (IE I*) < 0 ©t^TOKJtKll I F o I = 0 

il:T^^BH^atlit#fiU C L A Cry stall ©graphic Computing Package XfiS 
HELXTL PLUS/n^7A*lV»tffofeo ^teS^Ko^TO^flfifc 

1 af")^M3Si^in.4, M.4^~%z&M%r t P<r>M/Mt-£ titzi: l± ~2.*(. I F 0 I - 
I f c | l (ri-cw l =, J ( | f 0 i )+o.ooo2C| f 0 | y -c$, % 0 ^ 0 * 

(SHELXTL) K J: o TJSWf* *U ^Cfull)^ y ? 
J: oTJEmtc L*r 0 'J ^ v ^Cdifference-Fourie 

^CioT, I F 0 | >3.0 ff C | F 0 | ^^m-T^^tlhcO^J-^r- ^KMLXIE 
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